The effect of the hormone, erythropoietin, on cultures of erythroblasts derived from the livers of fetal C57BL/6J mice was examined . An increase both in the content and in the rate of synthesis of normal adult mouse globin chains was detected in hormone-treated cultures . The rate of protein synthesis by individual erythroblasts does not increase in response to the hormone, whereas the absolute number of hemoglobin-synthesizing cells does increase and accounts for the observed stimulation of hemoglobin synthesis . The principal effect of erythropoietin appears to be upon the population of immature erythroid precursor cells which persists in the presence of the hormone, the cells maintaining their ability to replicate, and their capacity to differentiate into hemoglobinizing erythroblasts . In the absence of hormone, already committed erythroblasts continue their development, but erythropoiesis is not sustained .
INTRODUCTION
Erythropoiesis in the mammalian fetus has proferentiation and development of proerythroblasts, vided a useful model for the study of the regula-basophilic, polychromatophilic, and orthochrotion of normal mammalian cell differentiation matic erythroblasts, and reticulocytes can be (Marks and Kovach, 1966) . In the C57BL/6J observed in this fetal organ at least until birth, at mouse, with a gestational period of 20-21 days, which time the major site of erythropoiesis is the first population of erythroblasts, synthesizing transferred to spleen and marrow . The hemoglobin embryonic hemoglobins, appears in the yolk sac formed by fetal hepatic erythroid cells is the same blood islands at about the 8th day of gestation . a s that of adult red blood cells (Fantoni et al ., These cells continue to divide, and mature into 1967) . nucleated erythrocytes in the circulation where
In the mammalian adult, erythropoietin is a they persist until about day 17 (Craig and Russell, major factor regulating the rate of erythropoiesis 1964 ; Fantoni et al ., 1967) . By the latter part of in response to physiological demand (Gurney, day 10 of gestation, hepatic erythropoiesis begins 1968) . The role of this hormone in the regulation (Rifkind et al ., 1969 b) , and the sequential difof neonatal and fetal erythropoiesis, however, THE JOURNAL OF CELL BIOLOGY • VOLUME 51, 1971 • pages [585] [586] [587] [588] [589] [590] [591] [592] [593] [594] [595] remains less conclusively documented (Halvorsen, 1963 ; Carmena et al ., 1968 ; Lucarelli et al ., 1968) . In long-term organ culture of fetal liver, serum from anemic animals induced the appearance and persistence of early erythroid precursors (Gallien-Lartigue, 1967 ; Salvatorelli et al., 1969) . It has further been reported that erythropoietin stimulated the synthesis of heme as well as both RNA and DNA in cultured fetal liver erythroblasts (Cole and Paul, 1966 ; Paul and Hunter, 1969) . These biochemical studies have not, however, determined the nature of the cellular effects of this hormone on the several developmental stages of erythropoiesis present in the fetal hepatic erythroid cell population . The present studies were designed to examine the effect of erythropoietin on fetal hepatic erythroblasts at the cellular level, employing correlative cytologic and biochemical techniques . Evidence is presented that erythropoietin causes an increase in the rate of hemoglobin formation in cultured erythroblasts, and that this stimultion is the result of augmentation of the number of cells actively synthesizing hemoglobin, rather than stimulation of the rate of protein synthesis in individual erythroblasts . The present data are compatible with the hypothesis that erythropoietin exerts a primary effect on an immature erythroid precursor cell which in turn leads to an increased number of polychromatophilic and more mature erythroid cells .
MATERIALS AND METHODS

Animals
Three-to four-week-old female C57BL/6J inbred mice (The Jackson Laboratory, Bar Harbor, Maine) were mated with males (3-5 months old) of the same strain . Fetuses were obtained by the timed mating of hormonally primed immature females (Southard et al., 1965) . The morning after mating is designated day zero of the gestation .
Cells
On the morning of the 13th day of gestation, pregnant mice were sacrificed by cervical dislocation . The rest of the operative procedures were performed aseptically. Each uterine horn was transferred to a sterile Petri dish, and the uterine wall was opened, releasing the pear-shaped decidual swellings into a mixture of 50% Tyrode's solution and 50% gamma globulin-free newborn calf serum (Grand Island Biological Co. [Gibco], Grand Island, N .Y.) . The embryos were subsequently dissected out, the livers 5 86 THE JOURNAL OF CELL BIOLOGY . VOLUME 51, 1971 were removed, placed in complete culture medium (see below), and kept in an atmosphere of 5% CO2 in air at 4°C. Pooled livers were cut into small pieces, and after 3 min exposure to 0 .25% trypsin in Gibco Solution A, a cell suspension was obtained by repeated aspiration through a siliconized, fine-tipped Pasteur pipette, as previously described (Djaldetti et al ., 1970) . Cell suspensions were washed twice with Waymouth medium, and resuspended in complete culture medium . Between 7 and 12 X 10' cells were obtained from each batch of approximately 50 fetal livers prepared for culture . Approximately 4 hr, from the time of sacrifice of the pregnant mice, were required to prepare cell suspensions for culture .
Culture Conditions
Freshly prepared complete sterile culture medium consisted of 87% Waymouth medium (MB752/1 ; Microbiological Associates, Inc ., Bethesda, Md .), 9% fetal bovine serum (Microbiological Associates, Inc .), 3% chick embryo extract (Gibco) and pencillin and streptomycin (1 %) . 3 mg of FeCl3 were incubated with 10 ml of adult mouse serum at room temperature for 2 hr, sterilized by Millipore filtration (Millipore Corp ., Bedford, Mass.), and stored frozen until use . Enough serum-FeC1 3 mixture was added to the culture medium so that the final concentration was 3 µg of FeC1 3 /ml . Cell suspensions from disaggregated fetal livers were suspended in this medium at a concentration of 2.0-4.0 X 106 cells/ml ; 3 .0 ml of cell suspension were put in each sterile cellulose nitrate tube (size 1 X 3%, inch) and incubated with and without erythropoietin at 37°C, without agitation, in a humidified atmosphere of 5% CO2 in air . The pH of the medium was between 7 .2 and 7 .4 during culture . Human urinary erythropoeitin, obtained from the Committee on Erythropoietin of the National Heart Institute (pool A-1-TaLSL, 26 .4 units/ mg of protein), was dissolved in sterile 0 .85% saline, stored frozen in small portions until use, and added to cell suspensions at onset of each culture, at a final concentration of 0 .5 unit/ml .
Hemoglobin Synthesis and Content
For determination of the rate of synthesis of hemoglobin, cells were collected and resuspended in I ml of complete culture medium or I ml of 90% leucine-free modified Krebs-Ringer bicarbonate medium (Kovach et al ., 1967) and 10% fetal bovine serum . After 5 min preincubation at 37°C, 50 MCi of L-leucine-4,5-3H (SA 55 .5 Ci/mmole was added, and incubation continued for 10 min . The cells were washed twice with cold Waymouth medium, saturated with carbon monoxide, and lysed by three cycles of freeze-thaw in 0 .5-1 .0 ml of 10-3 .s Na2-HPO4 . Stroma was removed by centrifugation at 27,000 g for 15 min, and 1 .0-2 .0 mg of freshly prepared adult hemoglobin was added to the lysate . Hemoglobin was purified from the hemolysate by carboxymethyl cellulose (CMC)2 column chromatography as previously described (Fantoni et al ., 1968) . Hemoglobin recovery, by this method, was approximately 50% . For determination of radioactivity in the hemoglobin fraction, the eluate was precipitated with cold acid acetone, 10% trichloroacetic acid was added to the precipitate, and it was heated at 90°C for 30 min . Precipitates were collected on Millipore filters, and radioactivity was determined in a liquid scintillation counter (Bank, 1968) . In preliminary experiments, it was established that the rate of incorporation of leucine-3H into purified hemoglobin was linear for at least 30 min and over the range of concentration of cells employed in these studies. Hemoglobin concentration and content was determined by the method of Drabkin (1932) .
Globin Synthesis
After culture, cells were pooled, pelleted, and resuspended in 100 pl of freshly prepared culture medium, to which 50 MCi of L-leucine-4,5-3 H (SA 55 .5 Ci/mmole) were added, and incubated at 37°C for 2 hr . Subsequently, the cells were washed, 20 mg of adult mouse hemoglobin was added, and globin was prepared by dripping the mixture into 40 ml of cold acid acetone as previously described (Braverman and Bank, 1969) . Globin chains were separated by column chromatography on carboxymethyl cellulose in 8 ss urea as described by Fantoni et al . (1967) . Radioactivity was determined by liquid scintillation counting .
Cytology
After culture, cells were pooled and cell counts were obtained in duplicate with a Levy hemocytometer (Max Levy & Company, Inc ., Philadelphia, Pa.) . Unfixed cells were deposited on slides by centrifugation (cytocentrifuge ; Shandon Scientific Co., London, England), stained with benzidine for hemoglobin (Pearse, 1960) , and counterstained with Wright-Giemsa . Portions of cells were also fixed for 2 hr in cold 1 % phosphate-buffered, redistilled glutaraldehyde, postfixed with 1 % osmium tetroxide, dehydrated in graded alcohol, and embedded in Epon 812 . Thick sections (0 .5 µ) were prepared for light microscopy or radioautography . For electron microscopy, thin sections (500-800 A) were stained with uranyl acetate and lead citrate, and examined in either a Hitachi HS-7S or HU-11-C electron microscope.
DNA Synthesis
Triplicate 1 ml cultures of 3 X 10 6 cells were incubated for 20 min in Waymouth medium with 2 yCi of thymidine-2-14 C (SA 59.1 mCi/mmole. The cells were then washed twice with cold Tyrode's solution, were precipitated with cold perchloric acid, and DNA was extracted from the precipitate by two cycles of acid hydrolysis with 2 N perchloric acid at 70°C (Hutchison et al ., 1962) . After neutralization with KOH, portions of the deoxyribonucleotide extract were used for the determination of radioactivity (Bray, 1960) . In preliminary studies, it was established that further acid hydrolysis did not yield significant additional radioactivity . In addition, incorporation of thymidine-14C was found to be linear for at least the period of incubation.
Radioautography
Cells incubated with leucine-3 H or with 50IACi (methyl-3H)-thymidine (SA 6 .7 Ci/mmole) for 20 min, under the same conditions as indicated in section immediately above (DNA synthesis), were prepared for quantitative radioautography as previously described (Djaldetti et al ., 1970) . 0 .5 .s sections of Epon-embedded cells mounted on glass slides were coated by dipping in a I : 1 dilution of melted Ilford K-5 photographic emulsion (Ilford Ltd ., Ilford, England), dried, and stored at 4°C in a light tight box for the appropriate time . Slides were developed for 3 min in Kodak D-19 at 17°C, fixed, and stained with I % methylene blue . All experimental points compared by quantitative radioautography were processed together to insure uniformity of conditions . As prepared in this manner, background grain counts were virtually zero. At least 100 cells of each cytologic type and maturational stage were counted, and the results are expressed as mean grains per cell . For determination of the thymidine labeling index, cells with three or more grains were scored as labeled .
RESULTS
Hemoglobin Synthesis
The first series of experiments were designed to determine the effect of erythropoietin on hemoglobin synthesis by fetal hepatic erythroblasts in a Abbreviations : CMC, carboxymethyl cellulose .
culture . 13-day fetal hepatic erythroblasts, before and treatment is not possible, the increment in the after 24 hr of culture with and without erythropoietin, was determined by measuring the incorporation of radioactive leucine into hemoglobin purified from lysates of erythroid cells (Table I ) . In the presence of added hormone, the rate of synthesis of hemoglobin per culture increased by 1 .4-to 2 .6-fold within a 24 hr period, as compared to the zero time rates (a statistically significant difference by the two tailed t test ; P < 0 .05) . This accelerated rate of hemoglobin synthesis could be maintained, occasionally, for as long as 48 hr but deteriorated thereafter, despite addition of fresh erythropoietin . In the absence of added hormone, the rate of synthesis of hemoglobin per culture decreased markedly . The observed variability in the response to erythropoietin suggests a variable degree of cell injury during preparative procedures. The contribution of one potentially injurious agent, trypsin, to this variability, was explored . Omission of trypsin from the cell disaggregation step, thereby subjecting the fetal livers solely to mechanical disruption, had no significant effect on the response of cultured erythroblasts to erythropoietin .
In order to ascertain whether the acceleration of the rate of hemoglobin observed synthesis was reflected in a net increase in the hemoglobin content of the developing erythroid cells, the hemoglobin content of two 24 hr cultures with and without erythropoietin was determined . The hemoglobin content of cultures with and without the hormone was increased when compared to the level at onset of culture . Although statistical 588 THE JOURNAL OF CELL BIOLOGY . VOLUME 51, 1971 presence of hormone (119 and 55%) was in both instances greater than in its absence (66 and 32 %, respectively) . Taken together, the observed increase in the rate of synthesis of hemoglobin and the net increment in hemoglobin content indicate that the effect of erythropoietin on cultured fetal liver erythroblasts is comparable to the effect of the hormone on hemoglobin production by adult bone marrow erythroid cells in vitro (Goldwasser, 1966) . The globin composition of the hemoglobin synthesized under conditions of in vitro culture was analyzed by CMC-urea column chromatography (Fig . 1) . After 24 hr in culture with or without erythropoietin, fetal hepatic erythroblasts continued to synthesize alpha and beta globin chains indistinguishable, chromatographically, from the alpha and beta globin chains of adult mouse hemoglobin . Radioactivity incorporated into isolated globin was inhibited by over 98 % if puromycin (2 X 10 -e M) was added to the cell culture for a 30 min preincubation period . This suggests that leucine 3H incorporation into hemoglobin represents new protein synthesis . radioautography (Table II) . The uptake of leucine 3H by fetal hepatic erythroblasts is linear for at least 2 hr, as determined by quantitative radioautography under the conditions employed in these experiments (Djaldetti et al ., 1970) . As
100 150 EFFLUENT VOLUME (ml) FIGURE 1 Chromatography of the globins synthesized in 24 hr culture of 13-day fetal hepatic erythroblasts, with erythropoietin . The cells were labeled with leucire-3H for 2 hr after culture, as described in text . Adult mouse hemoglobin was added as carrier and marker . Dashed line, radioactivity ; solid line, optical density at 280 mµ of the marker adult hemoglobin . previously reported (Grasso et al ., 1963 ; Djaldetti et al ., 1970) , polychromatophilic erythroblasts are more active in protein synthesis than orthochromatic erythroblasts and this relationship is not altered after 24 hr culture either with or without the hormone. Moreover, the moderate fall in isotope incorporation which occurs in cells of both developmental stages after culture is independent of the presence or absence of the hormone . The data suggest that erythropoietin does not exert its effect on hemoglobin synthesis by means of an effect on the rate of protein synthesis by individual polychromatophilic and orthochromatic erythroblasts .
Changes in the Erythroblast Population
During 24 hr of culture there is an increase in the total size of the erythroblast population, and the increment in cell number is greater in cultures with erythropoietin . Iri 15 experiments, the mean cell count after 24 hr of culture with hormone was 161 f 470 of the total cell number at onset of culture, while in 10 cultures without the hormone the mean cell count was 122 =L2070 . The difference between these mean cell counts is highly significant (P < 0 .01) .
In addition to its effect on the total erythroblast cell population, erythropoietin also exerts a profound influence on the distribution of cells among the several stages of development . Erythroblasts Erythroblasts from the 13 day fetal liver at the onset of culture . Identified in this field are : a proerythroblast (Pr) displaying a prominent nucleolus, fine chromatin and moderately basophilic, benzidine-negative cytoplasm ; a basophilic erythroblast (B) with a more condensed nucleolus and chromatin and intensely basophilic cytoplasm ; several polychromatophilic erythroblasts (Po) at progressive stages of maturation evidenced by increasing benzidine reactivity (yellow stain) ; an orthochromatic erythroblast (0) . Wright-Giemsa-benzidine stain . X 1200.
FIGURES Erythroid cells after 24 hr culture with erythropoietin and prepared as in Fig . 2 . A mitotic proor possibly basophilic erythroblast, several basophilic erythroblasts in interphase, polychromatophilic erythroblasts, and an orthochromatic erythroblast are seen . Nonnucleated erythrocytes observed include several with residual basophilia (probably reticulocytes) and a mature, intensely benzidine-reactive erythrocyte. X 1200 . comprise at least 95% of the cells present in the disaggregated 13 day fetal liver (Djaldetti et al ., 1970) , and these erythroblasts are distributed among the four developmental stages of erythropoiesis, i .e ., proerythroblasts, basophilic, polychromatophilic, and orthochromatic erythroblasts (Fig .2) . The latter, by extrusion of their nuclei, become reticulocytes which rapidly enter the peripheral circulation . The cytological and ultrastructural characteristics of each maturational stage have been described previously (Fantoni et al ., 1968 ; Rifkind et al ., 1969 b) and differed in no way in the present studies . The proportion of cells at each stage depends upon the fetal age 590 THE JOURNAL OF CELL BIOLOGY . VOLUME 51, 1971 at time of sacrifice (Silini et al ., 1967 ; Fantoni et al ., 1968 ; , and upon the presence or absence of the hormone, erythropoietin, during the 24 hr of culture in vitro (Table  III) . Cells of the most immature stages, proerythroblasts and basophilic erythroblasts, constitute almost 40 •Jo of the 13 day fetal hepatic erythroid cell population at the onset of the culture (Fig . 2) . After 24 hr in culture in the presence of erythropoietin, these still contitute over 20% of the total (Fig . 3) , whereas in the absence of the hormone, immature erythroblasts virtually disappear (Fig .  4) . Well-differentiated, hemoglobinized erythroid cells, the polychromatophilic and orthochromatic erythroblasts, concomitantly increase from 6270 at zero time of culture to 79 % after 24 hr of culture with the hormone (Fig . 3) , and to over 96 0 0 after 24 hr of culture without the hormone (Fig . 4) . The absolute numbers of erythroblasts of each developmental stage were determined (Table IV) . Erythropoietin in the culture results in two major changes in the composition of the erythroid cell population . These are : (a) preservation of a large, although reduced, population of immature erythroblasts ; and (b) an increase in the number of polychromatophilic erythroblasts, accounting for the bulk of the erythropoietin-induced increase in total cell number. Morphologically, all these cells closely resemble cells of analogous stages of maturation at the onset of culture, as determined both by light microscopy (Figs . 2 and 3) and by electron microscopy . Mitotic figures may be found among both the immature and the hemoglobinized erythroblasts, in zero-time cultures and after 24 hr with erythropoietin . In the absence of the hormone, immature precursors not only decrease strikingly in number, but the remaining few appear morphologically deteriorated, displaying excessively clumped nuclear chromatin and a vacuolated cytoplasm . The erythroblast population consists principally of a small number of polychromatophilic erythroblasts and a preponderance of orthochromatic erythroblasts (Fig .  4) . These cells display a uniformly advanced degree of nuclear heteropycnosis and cytoplasmic hemoglobinization (intensity of benzidine reactivity), while stages of nuclear extrusion (reticuloCaux ET AL. 
DNA Synthesis
BIOCHEMICAL STUDIES : DNA synthesis per culture, measured by the incorporation of thymidine-14C, was determined at the onset of culture and after 10 and 24 hr in culture with and without erythropoietin (Fig . 5) . In the presence of the hormone, thymidine incorporation per culture remained either unchanged, or was decreased slightly at 10 or 24 hr compared to zero time of culture . In the absence of the hormone, the rate of synthesis of DNA decreased gradually during the first 10 hr and much more rapidly during the subsequent 14 hr, such that by 24 hr the hormonetreated culture incorporated radioactive thymidine at a rate almost six times that of the hormone-free culture.
THYMIDINE-1 H LABELING INDEX :
Radioautographic studies of the thymidine 3H labeling index were performed in order to determine whether the erythropoietin-induced maintenance of the capacity to synthesize DNA by cultured erythroblasts could be attributed to an increase in the proportion of DNA-synthesizing cells confined to one or another of the developmental stages of erythropoiesis (Table V) These studies were designed to determine the effect of erythropoietin on hemoglobin synthesis by cultured fetal hepatic erythroblasts, and to examine, at the cellular and biochemical level, the basis for this response . The present observations establish that the hormone causes cultures of erythroid cells to form increased amounts of globin chains which are indistinguishable, chromatographically, from the alpha and beta globin chains which are synthesized by these erythroblasts in vivo . Measurement of the rate of synthesis of globin, rather than the heme moiety of hemoglobin, obviates the considerable difficulties associated with the use of iron uptake as an index of hemoglobin synthesis (Cole and Paul, 1966 ; Felicetti et al ., 1966 ; Bunn and Jandl, 1968 ; Djaldetti et al ., 1970) . Although it has been suggested that erythropoietin is involved in producing alterations in the types of hemoglobins synthesized in a variety of species (Moore et al ., 1966 ; Bertles and Borgese, 1968 ; Gabuzda et al ., 1968 ; Kraus et al ., 1968 ; Lewis et al ., 1968) , there has been no direct demonstration of this effect . Direct observations in the rat of the effect of erythropoietin on the types of hemoglobin formed showed, as in the present case, no alteration in the type of hemoglobin synthesized. It is possible that apparent species differences in this regard depend, in part, upon the presence of minor hemoglobins in the red cell population whose synthesis is regulated by the intensity of erythropoietic stress (Marks et al ., 1964) .
The erythropoietin-mediated stimulation of the rate of hemoglobin synthesis per culture of fetal hepatic erythroblasts may reflect an increased rate of hemoglobin synthesis by individual erythroblasts, an increase in the number of hemoglobinproducing cells, or both of these mechanisms . The present observations demonstrate that the hormone does not increase the total protein-synthetic capacity of individual polychromatophilic and orthochromatic erythroblasts . Since hemoglobin is the major protein synthesized by these cells, these data suggest that the hormone-induced increase in hemoglobin synthesis per culture does not reflect an increase in the rate of synthesis of hemoglobin per polychromatophilic or orthochromatic erythroblasts. Most of the hemolgobin synthesis which occurs in the erythroid cell population in culture is accomplished by cells of these DISCUSSION stages whereas protein synthesis by proerythroblasts and basophilic erythroblasts consists principally of nonhemoglobin proteins (Thorell, 1947 ; Grasso et al ., 1963 ; Djaldetti et al ., 1970) .
Taken together, these data indicate that the roughly twofold increase in rate of synthesis of hemoglobin per culture induced by erythropoietin is the result of the increased number of polychromatophilic erythroblasts and, to a lesser degree, orthochromatic erythroblasts, in the erythropoietin-treated cultures .
The observed accumulation of large numbers of polychromatophilie erythroblasts in cultures incubated with erythropoietin may reflect either an accelerated rate of cell division among these cells, an increased rate of differentiation from early precursors, or prolongation of the period during which immature precursors are maintained in culture and are contributing to the yield of polychromatophilic and orthochromatic erythroblasts . An increase in the number of immature precursors maintained in a population of erythroid cells is one major effect of the hormone, as documented by the response of splenic colonies in the irradiated, plethoric animal (O'Grady et al ., 1968) , and of the spleen in polycythemic mice both in vivo (Orlic et al ., 1965) , and in vitro (Nakao et al ., 1966) , as well as by direct cytologic demonstration of a stimulation of RNA synthesis which is confined to the most immature erythroid cell precursors in mouse fetal livers . The present findings support the hypothesis that a principal effect of the hormone is exerted upon a population of very immature precursor cells . These cells are morphologically indistinguishable from and are included within the class of proerythroblasts, according to criteria previously described (Djaldetti et al ., 1970) . Nevertheless, present methods do not exclude the possibility of functional subpopulations, within the class of proerythroblasts, which differ in their responsiveness to erythropoietin and may have a precursorprogeny relationship . Differentiation among these precursor cells could account for the observed increase in total number of hemoglobin producing erythroblasts, and, in turn, for the increased rate of hemoglobin synthesis per culture . Failure to sustain the rate of hemoglobin synthesis beyond 24-48 hr of culture, and a moderate reduction in the number of immature precursors, may indicate that the present culture system, despite addition of erythropoietin, fails to provide all those condi-tions or factors required for normally maintained erythropoiesis . Nevertheless, changes in the proportion of immature erythroid precursors and hemoglobinized erythroblasts similar to those observed in these cultures have been reported in fetal mouse livers developing in vivo (Fantoni et al ., 1968 ; Djaldetti et al ., 1970) . Loss of precursors for the erythropoietin sensitive cell itself may be entertained as one possible explanation for this deterioration in vitro . A comparable situation, equally unexplained, is provided by the physiological disappearance of erythropoiesis from the liver which takes place at the time of birth, despite the likelihood of continued or even elevated levels of endogenous erythropoietin (Zanjani et al ., 1969) .
In the absence of erythropoietin relatively mature hemoglobinized erythroblasts accumulate and reticulocyte formation continues, with a modest increase in hemoglobin content . Nevertheless, immature precursors and young polychromatophilic erythroblasts almost disappear from the culture, accounting for a marked decrease in the over-all rate of DNA synthesis in hormone-free cultures . Taken together, these observations suggest that the maturation of erythroid cells already committed, by exposure in vivo to a factor yet undefined but possibly erythropoietin, proceeds even in the absence of additional erythropoietin in vitro . Nevertheless, the renewal of immature erythroid precursors and sustained erythropoiesis during the period of these cultures requires the presence of added erythropoietin . This interpretation is consistent with previous studies which have demonstrated that the continuous presence of erythropoietin is not necessary for the temporary maintenance of erythroblast maturation, although it does stimulate erythropoiesis (Alpen and Cranmore, 1969 ; Bruce and McCulloch, 1964 ; Bleiberg et al ., 1967 ; Erslev, 1959 ; Filmanowicz and Gurney, 1961 ; Lajtha and Oliver, 1960 ; Stohlman, 1961) .
It has also been proposed that a major effect of erythropoietin is to accelerate the rate of division and to shorten the development time of the maturing population of hemoglobinizing erythroid cells (Borsook et al ., 1968 ; Blackett, 1968 ; Fischer, 1962 ; Fisher et al ., 1965 ; Gallagher et al ., 1963 ; Gordon et al ., 1962) . The present data do not exclude such an effect, but an accelerated rate of maturation does not, alone, adequately explain the observed preservation of replicating precursor 594 THE JOURNAL OF CELL BIOLOGY • VOLUME 51, 1971 cells in the hormone-treated cultures . Recent studies (McCool et al ., 1970) employing fractionated cell populations likewise suggested that stimulation of a hemoglobinizing population of maturing erythroid cells constitutes at best a minor portion of the erythropoietic response to erythropoietin .
